The Prediction of Adverse Drug Reaction Based on Machine Learning Method by 王昊
学校编码：10384                                        分类号  密级    










硕 士 学 位 论 文 
   
 
基于机器学习方法的药物不良反应预测 





专  业 名 称：化学生物学 
论文提交日期：2012 年 5 月 
论文答辩时间：2012 年 6 月 







答辩委员会主席：          
评阅人：          
 





















另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的








































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于   年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 
















摘 要 ............................................................................................................................................. 1 
ABSTRACT .............................................................................................................................. 2 
第一章 前言 ............................................................................................................................ 3 
1.1 药物不良反应 ........................................................................................................... 3 
1.2 药物不良反应评估方法 ......................................................................................... 4 
1.2.1 传统的药物不良反应评估方法................................................................ 4 
1.2.2 计算机辅助药物不良反应评估................................................................ 5 
1.3 本论文的研究目的及意义 .................................................................................... 8 
第二章 研究方法................................................................................................................. 11 
2.1 药物不良反应-呼吸困难 ......................................................................................... 12 
2.1.1 呼吸困难定义 .................................................................................................. 12 
2.1.2 诱导呼吸困难相关药物信息获取.............................................................. 12 
2.2 化合物和分子描述符 ............................................................................................... 13 
2.2.1 化合物................................................................................................................ 13 
2.2.2 分子描述符 ...................................................................................................... 15 
2.3  特征选择 .................................................................................................................... 16 
2.2.1 描述符的预处理 ............................................................................................. 17 
2.2.2 遗传算法筛选描述符 .................................................................................... 17 
2.3 机器学习算法 ............................................................................................................. 19 
2.3.1 贝叶斯网络 ...................................................................................................... 19 
2.3.2 C4.5 ...................................................................................................................... 22 
2.3.3 随机森林 ........................................................................................................... 23 
2.4 数据准备 ...................................................................................................................... 24 
2.4.1 数据集均衡处理 .............................................................................................. 24 
2.4.2 外部测试集准备 ............................................................................................. 27 
2.5 模型的预测能力评估方法 ...................................................................................... 29 
2.6 模型的验证 .................................................................................................................. 30 
2.6.1 多重交叉验证 ................................................................................................... 30 
2.6.2 Y-randomization ................................................................................................ 30 
2.6.3 外部验证 ........................................................................................................... 31 
第三章 结果讨论................................................................................................................. 32 
3.1 十重交叉验证结果及讨论 ....................................................................................... 32 
3.2 Y-randomization 结果及讨论 ................................................................................. 35 
3.3 外部测试集验证结果及讨论 .................................................................................. 36 













参考文献 ................................................................................................................................... 43 
附录 .............................................................................................................................................. 47 


































摘 要 ............................................................................................................................................. 1 
ABSTRACT .............................................................................................................................. 2 
Chapter 1 Introduction ...................................................................................................... 3 
1.1 Adverse Drug Reaction ......................................................................................... 3 
1.2 The evaluation to ADR .......................................................................................... 4 
1.2.1 Traditional methods to evaluate ADR ....................................................... 4 
1.2.2 Computer-aided evaluation to ADR .......................................................... 5 
1.3 Significance of research ........................................................................................ 8 
Chapter 2 Research methods ....................................................................................... 11 
2.1 ADR-Dyspnea .............................................................................................................. 12 
2.1.1 The defination of Dyspnea .............................................................................. 12 
2.1.2 Drugs related with Dyspnea ........................................................................... 12 
2.2 Compounds and molecular descriptors .............................................................. 13 
2.2.1 Compounds ........................................................................................................ 13 
2.2.2 molecular descriptors ....................................................................................... 15 
2.3  Feature selection ..................................................................................................... 16 
2.2.1 Pre-processing of descriptors ......................................................................... 17 
2.2.2 Genetic Algorithm for selecting descriptors................................................ 17 
2.3 Machine Learning ...................................................................................................... 19 
2.3.1 Bayesian network .............................................................................................. 19 
2.3.2 C4.5 ...................................................................................................................... 22 
2.3.3 Random forest ................................................................................................... 23 
2.4 Data preparation ........................................................................................................ 24 
2.4.1 Balance of data .................................................................................................. 24 
2.4.2 Preparation for external test data ................................................................... 27 
2.5 The evaluation for prediction performance of model  ................................... 29 
2.6 The validation of model ............................................................................................ 30 
2.6.1 N-fold cross validation .................................................................................... 30 
2.6.2 Y-randomization ................................................................................................ 30 
2.6.3 External validation ............................................................................................ 31 
Chapter 3 Result discussion .......................................................................................... 32 
3.1 The discussion for result of ten-fold cross validation ...................................... 32 
3.2 The discussion for result of Y-randomization ................................................... 35 
3.3 The discussion for result of external validation ................................................ 36 













References ................................................................................................................................ 43 
Appendix .................................................................................................................................. 47 































































Severe Adverse Drug Reaction (SADR) is one of the main reasons that lead to the 
failure of new drug development. Currently, the assessment of SADRs is mainly 
achieved by observation of clinical trials, which causes many pains of patients and is 
costly. Therefore, it is desired to develop a method that can evaluate the potential 
SADRs of drug candidates in early drug discovery. In this research, we utilize 
Machine Learning (ML) technique to predict SADR. 
 
In this study, we chose a common and lethal SADR, dyspnea, as the example to build 
a computational model for ADR assessment. Totally, 1,168 marked drugs and their 
structures were collected. Each of these drug structures was first converted into a 
feature vector by calculation of 152 QSAR descriptors. Upon these vectors, three 
independent models were constructed using three algorithms, Bayesian Network, C4.5 
and Random Forest respectively. The performances of these three machine learning 
models were evaluated by 10-cross validation, which the overall prediction accuracies 
are all above 82%. The best model of Bayesian Network was further evaluated by 
external test set. It was observed that the model evaluated drug-induced dyspnea of 
above 1% incidence with accuracy of 86.76%. The dyspnea assessment on the current 
Over the Counter (OTC) drugs also achieved an overall accuracy of 80.00%. Further 
Y-randomization analysis indicates that the performance of the Bayesian Network 
model doesn’t have obvious chance correlation. Our study suggests that the machine 
learning model can serve as an effective tool for evaluating safety of drugs at early 
stage of drug development. 
 




































根据药物不良反应产生的机理的不同，世界卫生组织将其分为 A 型，B 型










































克隆抗体 TGN1412,虽然在动物实验中是安全的,但是在临床试验 I 期中却出现了



















































良反应的不良事件报告系统（Adverse Event Reporting System，AERS）数据库及



















Drug Induced Toxicity 
related Protein Database 
(DITOP) 
http://bioinf.xmu.edu.cn/databases/ADR/index.html 
ChemIDplus Advanced http://chem.sis.nlm.nih.gov/chemidplus 
MitoDat - Mendelian 









Cytochrome P450 Drug 
Interaction Table 
http://medicine.iupui.edu/flockhart/ 
The Human Membrane 
Transporter Database 
http://lab.digibench.net/transporter/ 
Drug Adverse Reaction 
Target Database (DART) 
http://xin.cz3.nus.edu.sg/group/dart/dart.asp 
Toxicology Data Network 
(TOXNET) 
http://toxnet.nlm.nih.gov/index.html 
Adverse Event Reporting 
System(AERS) 
http://www.fda.gov/cder/aers/default.htm 
表 1-1. ADR 机理研究相关数据库及软件 































TOPKAT 包含了皮肤过敏(Skin Sensitization)、眼部刺激（Eye Irritancy）、小鼠口
服 LD50（Rat Oral LD50）、小鼠吸入毒性 LC50(Rat Inhalation Toxicity LC50)等





TOPKAT 开发以来，研究者对其可靠性进行了考察。如 Enslein 等人[9]就曾选用
315 个化合物作为训练集，对 TOPKAT 的皮肤敏感（Skin Sensitization）模块进
行了测试，其交叉验证的结果特异性达到 81~91%，灵敏度达到 85~95%。因为
其较高的预测准确率，且可以批量处理数据，目前为止，TOPKAT 已成为美国环
境保护署（US Environmental Protection Agency）、美国疾病预防与控制中心（US 
Center for Disease Control and Prevention）、美国食品和药品管理局（US Food and 
Drug Adminstration）等多个研究机构进行药物毒性预测的辅助软件。  

































Table 1-2. The general software for predicting drugs toxicity 
 
近几年，有许多机器学习算法被开发出来用于建立化合物毒性预测专家系统。
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